'7/ 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Iniemaiional Bureau 




PCT 

INTCRNATIONAL app. ir ATI ON PUBLISHED UNDER THE PA TENT COOPERATION Tl^TY (PCT) 

(11) International Publication Number: VfO 95/25292 

(43) International FubUcation Date: 21 September 1995 (21.09.95) 



(51) International Patent Classificaticai ^ 
G03B 21/13 



Al 



(21) International Application Number: 

(22) International Filing Date: 



PCT/GB95/00624 



17 March 1995 (17.03.95) 



(50) Priority Data: 

9405221.4 
9414044.9 



17 March 1994(17.03.94) 
12 July 1994 (12.07.94) 



GB 
GB 



(71) AppHcant (for alt designated States gxcepr t/SJ: ™OM- 
SON TRAINING & SIMULATION LIMITED [GB/GB]; 
Gatwick Road. Crawley, West Sussex RHIO 2RL (GB). 

(72) Inventor; and ^ . 

(7^ Inventor/Applicant (for US only): BRIDGWATER Raymond^ 

John [GB/GBl; 31 Pembrolce Avenue, Worthing, West 
Sussex BN 11 5QS (GB). 

(74)AgeDt: JACKSON, David. Spence; Reddie & Grose, 16 
Theobalds Road, London WCIX 8PL (GB). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA. CH. 

CNCZ.de, DK, EE, ES. FI, GB, GE, HU, JP, KE, KG. 
KP, KR, KZ, LK, LR, LT, LU. LV, MD. MG MN. IS^, 
MX, NL, NO, NZ. PL, PT, RO. RU, SD. SE, SG. SI, SK, 
TJ TM TT, UA. UG, US, UZ, VN, European patent (AT. 
BE, CH, DE, DK, ES. FR. GB, GR. IE, IT, LU, MC, NL. 
PT, SE), OAPI patent (BF, BJ, CF, CG. CI, CM. GA, GN, 
ML, MR. NE, SN, TD, TG). ARIPO patent (KE. MW, SD. 
SZ, UG). 



Published 

With inserrmtional search report. 



(54) Title: EDGE-BLENDING OF PROJECTED IMAGES 




(57) Abstract 



have substantially no gaps between their bases. 



y. <WO 9525292A1_1_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Stales 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Builcina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Swiizertand 


CI 


Cttc d'lvoire 


CM 


Cameroon 


CN 


China 


OS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Dcnmaric 


£S 


Spain 


FI 


Finland 


FR 


France 


GA 





to the PCT on the front pages of 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


rr 


Italy 


JP 


Japan 


K£ 


Kenya 


KG 


Kyrgystan 


KF 


Dcroocradc People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


hi 


Ltechicnstcin 


LK 


Sri Lanka 


LU 


L^oxembourg 


LV 


Larvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongola 



pamphlets publishing intemationa] 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


Hew Zealand 


PL 


Poland 


FT 


Ponu^ 


RO 


Romania 


m 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


TajikiscaD 


XT 


Trinidad and Tobago 


UA 


Uknsinc 


US 


United Stales of America 


uz 


Uzbekistan 


VN 


Viet Nam 



9525292A1 J > 



wo 95/25292 



PCT/GB95/00624 



EDGE -BLENDING OF PROJECTED IMAGES 

This invention offers an improved means of blending 
together adjacent edges of images projected by multiple 
projectors to create the illusion of a continuous picture. Such 
multi-projector displays are commonly found in traxnmg 
simulators and in the entertainment and advertising industries. 

One )cnown technique used in video/graphics projectors 
uses additional circuitry in the video chain to fade the video 
amplitude in a controlled manner at the edges of the picture. A 
linear falloff in brightness at, say, the right-hand edge of one 
image is overlaid by a similar linear rise in brightness at the 
left-hand edge of the next image. In theory, chese two 
brightness ramps combine to give a constant total brxghcness 
across the picture boundary, giving the impression of a. 

contrinuous picture. 

in practice, an inconspicuous blend between pictures 
depends critically on the set-up of the two projectors in terms 
of picture geometry, colour convergence, brightness and colour 
balance. It is especially difficult to obtain a good blend for 
both dim and bright scenes. Because the projectors are not 
perfectly stable, blend quality deteriorates as the projector 
set-up drifts with time and temperature. 

Another known technique, used for instance with slide 
projectors, is the soft-edge mask. An additional transparency 
is placed over the slide. This has a high optical transmission 
over most of its area, but the transmission falls off linearly, 
over the region of the image to be blended. This produces the 
same linear fall-off of picture edge brightness as m the 
electronic method described above. 

However, the mask needs to be precisely positioned to 
achieve a good blend. In any but the simplest installations, 
each blended edge of the picture will require its own 
independently moveable, mask. Each mask will block about 10-20. 
of the orojected light, even in its central "transparent 
region.' The mask must cover the whole of the slide, otherwise 
the physical edge of the mask shows up in- the projected image as 
a steo change in brightness. (The area of the picture not 
cover'ed by the mask does not suffer the 10-20% light loss.) 
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picture wich 3 edges co be blended would require a scaOc of 3 
, T =r,^r f-ases Che associaced lighc loss zs 

I!n.-c!™ degradacicn =£ .he ..sK ,fr=™ absorbed energy) w.ll 
increase ics cost, particularly in a large format projector, 
such as one using a 10.4- diagonal LCD .liquid cystal display, . 

we have also found that a mask with a well-defined 
straiaht edge, placed sufficiently far fron, the object plane 
<CRT phosphor, slide, light-valve or LCD) for its edge to be 
softeLd by defocus retires a position so far from the object 
plane that it is usually already occupied By either the 
projection or illumination optics. Moreover, in a 
projector (such as an overhead projector, where there .s room 
f" Lch a mas. chromatic aberration in the illumination opt.cs 
means that the mask preferentially blocks certain colours, 
:::rin; to an objectionable colouration of the blend -9-- ^"^ 
removing the chromatic aberration would significantly rncrease 

the cose of the projector. 

GB 670X11 describes a cine film projeccion apparatus xn 
Which a pair of incermi.cenc mocion projectors projecc onco a 
screen images ehac slightly overlap each "^^^.^^ 
vercical edge. Each projector has a convencxonal rocacing 

shucter CO obscure film movement and. driven by 
mechanism, an oscillacing mas)c chac is posxc.oned close co 
film crate so as co excend saw ceech into Che path of 
'ili^ion light directed at the edge region °^ ^ 
that will be projected into the are. of overlap on 
The size of the teeth depends on the desired w.dth of 
area on the screen and on the intended stroke through "^"^ 
mask is oscillated. To obtain uniform 9"-"'" 
intensity in the overlap area, the mask is moved through a 
stroke at least e<^al to the width of the base of °- "'^"^ 
teeth. The oscillation is substantially parallel to the edge 

along which the teeth lie. ^^^^ 
According to the present invention there " P"-^'^'"' 
apparatus for projecting an image, comprising means 
Object surface for a luminous object in relation to - optical 
projection system, and. In a surface substantially ^'""^^ '° 

x_ w^^^i- etiT-face a comb- like opaque 
or uniformly spaced from che obDSCC surface. 

• -v, -if-c rines excendxng mco cne 
mask so shaped and arrangea with xcs Cines ex 



RN«ir>nrir>- <WO 9525292A1 l„> 



PCT/GB95/00624 

WO 95/25292 



P 



,ach 'or lighc from che objecc surface to che projeccxon syscem. 
'or inco cue pach for lighc for illuminating an object xn the 
Ibjlct surfaL. as in operation to provide a gradual decrease xn 
:!^:: trans.icced therethrough a. a function of « — 

Ch! ontical axis of the projection systen, with the n,as)c held 
stationary relative to the object surface with a spacxng 
therefrom of noc less chan:- 

D X P 
A 

where D is the distance from the object surface to the 

p is the oicch of the tines of the mask, and 
projection system, P xs the pxccn 

A is Che aperture of the projection system. 

The invention will now be described by way of example 
with reference to the accompany drawings, in whxch:- 

FIGURE X is a plan view of a comb-like mask for use xn 

accordance with the invention; 

FIGURE 2 is a plan view of a first embodxment of 
apparatus according to the invention; and 

FIGURE 3 is a plan view of a second embodxment of 
atDoaratus according to the invention. 

'"^ The mask shown in Figure 1 is made from thin opaque 

material. At the tip of the tines its optical 
X00%. At cheir base it is zero. The depcn of the 
determines the width of the blend region. The pxtch of the 
is made sufficiently fine for individual txnes co_be 



cines 



blurred into their neighbours by . — ^^^^^^wir::! mask 

caused by their distance- from che obiject surface, wxcn 
::id scationary in a plane substantially parallel ^^J" 
surface which in this case is a plane. In Fxgure I che txnes 
are triangular and there is no gap between che ° /^^/^^^^ 

tines. The length of each cine is four cxmes che sxze of 

base bun could be more or less. ofe-iect 
The mask is used ac a selecced distance from the object 
surface with the tines pointing towards a straight Ixne 
intersecting che optical axis of che ^^^^^ J^^^;:,^,,^^!^, 

tips Of Che Cines are most easily blurred, so the P^^""^ ^ 
of the mask does not produce a brightness step xn the P-^-^ " 

The mask then serves as an optical component whose 
transmission varies linearly from 100% to zero -"^^ ^^^^"^^ 
region, with no light losses over the rest of the fxeld. 
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covering only che blend region, che componenc is smalx, simply 
mounted and easily aligned. Since ic can be made from an opaque 
material such as metal and absorbs liccle energy, it has good 

long-cerrn stabilicy- 

Edge-blend Quality is independent of picture geometry 
or scene brightness. There is very little edge colouration. If 
tine pitch is very small, the mask can be made by laser cuttxng 
or photo- chemical etching. The latter method should produce 
particularly cheap masks in quantity. 

If tine pitch is very small, the profile of the tines 
may need to be modified to allow for the effects of diffractxon. 

AS an example of use. Figure 2 shows the position ot a 
plurality of the masks in a simple projector based on the 
overhead projector format and using a 10.4" LCD as the object. 
TWO masks provide blending on the left and right edges of the 
projected image. A tine height of 10 mm and pitch of 1 mm is 
satisfactory. 

Light is emitted by a projector lamp 11 and gathered by 
a condenser lens 12. Light passing through the condenser lens 
12 is directed to a Fresnel lens 13 which changes the vergence 
of light to illuminate a liquid crystal display panel 14 
arranged to define an object plane of an optical pro3ection 
system represented by a projection lens 15 having an optical 
axis 16 Two edge-blend masks 17 and 18, each as described 
hereinbefore with reference to Figure l, are arranged in a plane 
parallel to the object plane with their tines extending into the 
path of light from the left and right hand margins of the 
display panel 14 to the projection lens 15. In this embodiment 
the plane of the masks 17 and 18 lies between the object plane 
and the projection lens 15. The lens 15 produces a sharply 

focussed image of the display panel 14 on a screen (not shown) 
in the usual manner. Means (not shown) are provided to enable 
• the position of each mask to be adjusted towards and away from 
the optical axis 16 so that optimum positions for blending can 
be Obtained when a like projection apparatus is placed next to 
the apparatus of Figure 2 at its right hand side and its left 
hand side. Such adjustments are best judged by the user 
observing the effect on the adjacent overlapped projected 
images . 

The display panel 14 may provide still or moving 
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A furcher example is shown, in Figure 3, where masks 
are placed on Che illuminacion optics' side of the object. A 
mask can lie on either side of a Fresnel lens, which can form 

its physical support. 

The projection apparatus of Figure 3 is sxmilar to that 
of Figure 2 and is adjusted in the same way. Elements in Figure 
3 corresponding to those in Figure 2 have the same reference 

numerals as in Figure 2. 

one pair of the four masks. 19, 20. 21. and 22 would be 
used, the two chosen being on opposite sides of the optical axxs 

in another arrangement in which nine projectors are 
used to project a composite picture, the central projector xs 
equipped with four masks. The end portions of adjacent ones of 
these four masks overlap, and adjacent masks are disposed xn 
different planes perpendicular to the optical axis of the 
projector. The planes for adjacent masks are suffxcxently far 
apart in the direction of the optical axis for independent 
defocussing of the four masks to be possxble. 

TO ensure that the projection of the tines of a mask xs 
defocussed at the screen on which the projection system sharply 
focusses an image of the display panel 14 or other planar 
luminous object, such as a flat cathode ray tube- screen, the 
mask must be held at a distance from the object plane — 
in the direction parallel to the optical axis of the pro3ectxon 

syscem, of not less Chan 

D X P 

where D is the distance f^'rom the object plane to the projection 
system. P is the pitch of the tines of the mask, and A xs the 
aperture of Che projection system. This criterxon xs 

approximate, and it will be found that as a result of the 
asymmetry in depth of field on opposite sides of the object 
plane, satisfactory defocussing can be achieved with the mask 
nearer to the object plane if it is situated between the object 
plane and the projection system than if it is situated between 
the object plane and the illumination optics, where the 
aoparacus requires illumination optics . 

in an apparatus in which the luminous object xs a 
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limpid cryscal display panel or ocher plarxar cransparenc object 
requiring illuminacion opcics. the mask or masks should be held 
as close to Che objecc plane as possible, wichin che limiC chac 
must: be observed in order to obtain che required defocussing, 
since colouracion of che projected image by inceraccion between 
Che mask and che chromatic aberracion of che illuminacion opcics 
is Chen minimised. Where there remains some colouracion. che 

predominanc colour of che scenes co be projected, if eicher 
bluish or orange-tinged can be taken inco accounc. since che 
colouracion is blue if che mask is held becween che objecc plane 
and che projeccion syscem and is orange if che mask is held 
becween che objecc plane and che illuminacion opcics.. 

In an embodimenc in which che luminous objecc is che 
face of a cachode ray cube (CRT) having a concave face, che or 
each mask is so shaped chat it can lie in a surface of 
substantially the same shape so as to be held wich ics cines all 
ac subscancially che same discance from che CRT face surface. 
Similarly, the or each mask would be non-planar for a convex CRT 
face surface, the mask or masks being shaped co lie in a surface 
subscancially uniformly spaced from che convex CRT face surface. 

In relacion co an objecc surface chac is not planar, 
the observations made hereirJoef ore regarding che spacing 
criterion and chromatic aberracion colouracion in conneccion 
wich planar objecc surfaces also apply buc wich accounc bexng 
taken where necessary of che objecc surface noc being planar. 
In che formula 

D X P 
A 

che apercure A is che diameter of che encrance pupil, which is 
somecimes known as che clear aperture, or, where che 
illuminacing does noc complecely fill che encrance pupil, che 
diamecer of chaC pare of che encrance pupil which is filled by 
the illuminacing light. For example, a mask with a cooch pxCch 
of imm chac is 240mm from a projeccion lens wich an effeccive 
apercure of 10mm (che diamecer of che image of che filamenc of 
Che source of illuminacion in chis example) will be ouc of focus 
ac abouc 24mm from che plane of a film or liquid cryscal display 
panel illuminaced by che filamenc of che source. 
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Apparacus for projecting an image, comprising means 
defining an object surface for a luminous object in relation to 
an optical projection system, and. in a surface substantially 
parallel to or uniformly spaced from the object surface, a comb- 
liKe opaque mask so shaped and arranged with its tines extending 
into the path for light from the object surface to the 
projection system, or into the path for light for .llum.natxng 
an object in the object surface, as in operation to prov.de a 
graduil decrease in light transmitted therethrough as a function 
of distance from the optical axis of the projection system w.th 
Che mask held stationary relative to the object surface w.th a 
spacing therefrom of not less than 



D X P 
A 



where D is the distance from the object surface to the 
p^^ection system. P is the pitch of the tines of the mask, and 
A is the aperture of the projection system. 

Apparatus according to claim 2. wherein a further comb- 
like mask is provided in a surface substantially parallel to or 
uniformly spaced from the object surface and is so shaped and 
arranged with its tines extending into the path for ^^^^^^^ 
the object surface to the projection system, or .nto 
for light for illuminating an object xn the object surface as 
in ope!ation to provide a gradual decrease in ^^^^V ^^^^ 
therethrough as a function of distance from the optical axxs of 
th projection system, the tines of the further -"^^^^ 
in sLstantially the opposite direction to those ^^^^^J^^ 
said mask. the two masks being on opposite sxdes of the saxd 
optical axis, and the further mask being held stationary 
relative to Che object surface with a spacing therefrom of not 



less than 

D X P 



A 

ch.e means 



3 Apparatus according to claim l or 2 , wherein 

defining an object surface includes the face of a "^^^^^^^^^ 
tube and the or each mask is disposed between the object surfac 
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and Che projeccion system. 

4. Apparatus according to claim 3, wherein che face of the 

cathode ray tvhe is non-planar and the or each mask is 
correspondingly non-planar . 

5 Apparatus according to claim 1 or 2 , wherein means 

including a source for emitting light are provided for 
illuminating a planar transparent object located in the object 
surface, and the or each mask is disposed between the object 
surface and the source . 



6 . 



Apparatus according to claim 2, wherein a further pair 
of comb-like masks is provided, each mask of the further pair 
being disposed in a surface substantially parallel to or 
uniformly spaced from the object surface and being so shaped and 
arranged with its tines extending into the path for light from 
the object surface, to the projection system, or into the path 
for light for illuminating an object in the object surface as xn 
operation to provide a gradual decrease in light transmitted 
therethrough as a function of distance from the optical axxs of 
the projection system, the tines of the masks of the further 
pair extending in substantially opposite directions to one 
another, the masks of the further pair being on opposite sxdes 
of the said optical axis, the respective end portions of 
adjacent ones of the four masks overlapping as viewed parallel 
to the optical axis, and each of the further pair of masks bexng 
held stationary relative to the object surface with a spacing 
therefrom of not less than 

D X P 



A 



7 Apparatus according to any preceding claim, wherein the 
or each mask is so mounted as to be adjustable towards and away 
from the said optical axis. 

8 Apparatus substantially as described hereinbefore with 
reference to Figure 2 or Figure 3 of the accompanying drawings . 

9. A multi-projector apparatus including two projecting 
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„^ 1 CO 8, wherein 

«r,r,aracus each according zo any one of claims i co , 
the^rlp^a^.us.s are so arranged ne.c each o.her chac .n 
IperaHon re^peccive gra.uallv decreased margins c£ .he .mages 
projected thereby suhscantially completely overlap. 

10 Aoparacus according to any one of claims 1 to 8 , 

Wherein the tines o£ the or each mas,, are -"""J;^"^ 
triangular in a surface defined by the mask, and there is 
s^rantially no gap between Che respective bases of ad.ac.nt 

tines . 

Apparatus according CO claim 10. wherein the length of 
each tine is substantially four or more times the size' of its 
base . 
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